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(54) NUMERICAL CONTROLLER 

(57) A CPU card (11), a servo card (12) and a dis- 
play card (13) are replaceably mounted on a CNC con- 
troller-printed circuit board (10) which is fixed to the 
reverse side of a liquid crystal display unit (21), and exe- 
cute a CNC control function. Further, a Programmable 
Machine Control (14), a spindle interface circuit (15) 
and a memory means (16) are mounted on the printed 



circuit board (10). These elements are connected with a 
bus. This arrangements provide a small-sized and thin- 
type CNC controller. The CNC controller is connected to 

each of servo amplifiers (41, 42 ) for axes through a 

serial servo bus (30) consisting an optical fiber. 
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Description 

Technical Field 

The present invention relates to a numerical control 
device, and in particular, to a type of numerical control 
device (hereinafter referred to as a CNC device) incor- 
porating a small -sized computer. 

Background Art 

A display/operation unit in a machine tool including 
a CNC device is mounted on a machine operation panel 
disposed at the front of a machine, for a convenience of 
operator's monitoring and operation. But, a CNC con- 
troller and a servo amplifier are mounted on a heavy- 
electrical panel of the machine, since they have not to 
be located to any limited specific place and also their 
external dimensions are relatively large. Thus, the CNC 
controller is connected to the display/operation unit 
through a cable. A CRT display or a liquid crystal display 
(hereinafter referred to as LCD) is used as a display for 
the CNC display/operation unit. The CRT display is dis- 
advantageous at is occupies a large installation space 
due to its large depth, whereas the LCD can be made 
more compact because of its smaller depth. 

In the case where a CRT display is used, it does not 
matter if a CNC controller and a CRT display are con- 
nected directly to each other by means of a long cable. 
By contrast in the case of a LCD, it is impossible to 
directly connect a CNC controller and a CLD with a long 
cable, and a synchronizing circuit with respect to a liquid 
crystal control signal is indispensable, thereby giving 
rise to a problem of an increase in cost. 

Signals for controlling a CRT display by a CNC con- 
troller may be a horizontal synchronizing signal, a verti- 
cal synchronizing signal, red, green and blue color 
signals, etc. The color signals are analog signals, and a 
brightness of the color signal is determined by a level 
(voltage level) of each color data. Thus, a slight change 
of the level during signal transmission would not affect 
the brightness of color signal so much. Further, if time 
lag of the color signal happens, as far as it is small, 
change in color is negligible and the color difference is 
hardly recognized by human eyes. Therefore, the color 
signal has a large allowable range with respect to the 
change in its level and time lag. Thus, in the case where 
the CNC controller and the CRT display are connected 
through a cable for transmitting an image control signal 
such as a color signal, if the length of the cable is within 
the dimensions of the machine (the length of such cable 
is usually about 10m or so), the change in the level or a 
time lag of the color signal caused during a transmission 
process through the cable does not bring about a 
change in brightness or color as much as human is 
capableof recognizing with his eyes. Thus, it is possible 
to directly connect the CNC controller with the CRT dis- 
play through a cable. 

Meanwhile, in the case of the LCD, a standard type 



LCD is capable of displaying 512 colors to 260 thousand 
colors. Such color signal, as it is a digital signal, 
requires signal lines of 3 x 3 (512 colors) to 6 x 3 (260 
thousand colors), and further signal lines for liquid crys- 
5 tal control for horizontal and vertical synchronizing sig- 
nals and so on. Since the color signal is a digital signal 
as described above, rf an error occurs at a higher-order 
bit of the color signal (for example, if the bit is "0" when 
rt has to be "1" or if the bit is "1" when it has to be "0"), 
10 brightness undergoes a change by 50%. 

Moreover, in the LCD, a dot matrix is used for dis- 
play, and a display ranging from 640 x 480 dots to 800 x 
600 dots is currently possible. In order to display on a 
screen an image having no flicker, there is a need of dis- 
is playing an image on a screen at a cycle of 60 to 80 
times per second. For this reason, a transmission must 
be made with a clock of about 25MHz (= (640 + a) x 
(480 + a) x 60) to 40MHz (= (800 + a) x (600 + a) x 80) 
(where, a is a positive integer). Further, as display is 
20 done line by line, a sampling clock of 25MHz to 40MHz 
synchronous with a color signal is required in order to 
accurately fetch color data. In this case, however, there 
occurs a dispersion in a time lag of a signal due to the 
characteristics of drive and receiving circuits for trans- 
25 mitting and a cable. Thus, it is very difficult to make a 
long-distance transmission (about 10m) without using 
the clock of 25MHz or more and without causing any 
time lag. If there is any difference in the time lag 
between the clock and the color data signal, color data 
30 cannot be sampled. Moreover, if there is a dispersion in 
the time lag of the color data signal, the color data trans- 
mitted as the same dots may be sampled as different 
data, and thus is displayed as other dots, with the result 
that a different color will be displayed. 
35 Thus, the connection of the CNC controller and the 
LCD with a long cable has to be avoided. Convention- 
ally, therefore, the LCD side has to be provided with a 
synchronizing circuit for the liquid crystal control signal 
such as color signal, etc. 
40 In order to reduce the cost of a machine tool includ- 
ing a CNC device, it is important not only to reduce the 
cost of a machine tool itself but also to reduce the costs 
of other mechanical and electrical equipments which 
account for a substantial part of a CNC machine tool 
45 cost. Although it is possible to reduce the cost by mass 
production, but, since machine tools will be used over 
20 years to 30 years, the demand for the machine tools 
are not so large as that for the consumption goods, so 
that there is a limitation of the cost reduction by mass 
so production. However, CNC devices for machine tools 
are designed to be applicable to various kinds of 
machine tools and thus compatible with one another, so 
that effect of the mass production can be expected to 
some degree. Thus, the cost reduction of the CNC 
55 device greatly .contributes to the cost reduction of the 
machine tool. 

In order to achieve the cost reduction, there has 
been proposed a method of employing a micro compu- 
ter (hereinafter, referred to as personal computer) which 



2 



. <EP 0777167A1 I > 



3 

can be used for various purposes and are available at 
low cost by mass production so as to constitute a CNC 
device. However, a CNC device differs from a personal 
computer in working environment and functions to be 
required. For this reason, it is difficult for a personal 
computer to meet the specifications required for 
machine tools. 

A CNC device for use in a factory is exposed to a 
considerably severe working environment as compared 
with environment such as that of an office or the like 
where the personal computer is used. The CNC device 
is supposed to be capable of meeting requirements of 
operating conditions such as an allowable temperature 
range of 0°C to 45°C, the maximum humidity of 95% 
and the maximum vibration of 0.5G, of providing against 
an instantaneous power interruption conforming to the 
IEC (International Electrotechnical Commission) stand- 
ard, and of taking measures for avoiding influences of 
dust, metallic powder, water, cutting oil, etc. In contrast, 
in the case of a personal computer, the allowable oper- 
ating temperature range is 0°C to 35°C, and the meas- 
ures against moisture, vibration, instantaneous 
interruption of power source, and measures for airtight- 
ness against dust, metallic powder, water, cutting oil. 
etc. are not available. Thus, a personal computer is 
largely different from a CNC device in structural adapta- 
bility to operating environment. Therefore, a CNC 
device requires a structure durable in severe working 
environment as compared with a personal computer. 

For instance, in a CNC device, a floppy disk has a 
problem of not adapting to an operating environment of 
a factory in view of temperature, humidity, vibration, etc. 
Also, a hard disk is not capable of satisfying operational 
requirements of a CNC device in view of temperature, 
vibration or the like. For this reason, a hard disk is not 
used basically either, though it is used only for optional 
function. Instead of these storage media utilizing mag- 
netism, the CNC device uses storage media such as a 
flush memory (electrically rewritable nonvolatile semi- 
conductor memory) for storing software, an SRAM 
(rewritable nonvolatile semiconductor memory) which 
stores NC machining programs, various parameters, 
backed up with a battery, for bearing a working environ- 
ment requiring operational conditions such as those in a 
factory. 

Moreover, a CNC device is required to have a high- 
speed data processing ability for controlling a servo 
motor for individual axis of a machine tool on real-time 
basis. However, a personal computer, employing a com- 
mercially available OS (Operating System), is ill fitted for 
real time operation, so that its ability can not be suffi- 
ciently exhibited. In order to meet the need of high- 
speed arithmetic operation, the present-day CNC 
device is provided with a plurality of processors such as 
a CNC main processor, which performs a function of 
interpreting an operation command to an NC and giving 
a movement command of each servo motor to a servo 
controller and a function of making a communication 
with an operator who operates machine tool through a 
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keyboard and display, a PMC (Programmable Machine 
Controller)-dedicated processor, which executes trans- 
mission/reception of an ON/OFF signal with the 
machine tool to perform sequence control for machine 

5 tool, a DSP (Digital Signal Processor), which has been 
developed for signal processing in communication with 
high-speed data processor for servo control, thereby 
making available high-speed arithmetic operation for 
the control of a machine tool. However, since a personal 

70 computer is provided with only one processor, it is diffi- 
cult to employ a personal computer in a control device 
which is required to perform real-time control of 
machine tools at a high speed. 

Furthermore, a CNC device has to be added vari- 

15 ous optional functions to provide with a general-purpose 
ability so that it may be applicable to various machine 
tools ranging from single-function type to multi-function 
type and from standard performance type to high per- 
formance type. For example, various functions which 

20 need to be added to a CNC device are as follows: a 
loader control function for carrying out handling of work- 
piece in machining; a RISC (Reduced Instruction Set 
Computer) function for executing arithmetic operation 
for realizing high-speed machining with a high accuracy 

25 by previously reading a plurality of blocks of NC data in 
continuous micro blocks such as those of mold machin- 
ing data to execute acceleration/deceleration control; a 
communicating function for executing data transmission 
with external computers through an Ethernet. RS-422, 

30 RS-232C, etc.; a customizing function for enabling a 
software which each machine manufacturer has origi- 
nally developed for each machine tool independently of 
the processor of a CNC device. Thus, a CNC device 
must be constructed so that units and circuits for exe- 

35 cuting the foregoing functions can be connected there- 
with. 

However, a personal computer is not so con- 
structed as to permit an addition of various kinds of 
optional functions in machine tools which is required to 

40 have a high-speed arithmetic operation ability as 
described above. At present, in the personal computer, 
an ISA (Industrial Standard Architecture) bus as a bus 
for extending optional functions is included in specifica- 
tions and is now a de facto standard of the manufac- 

45 tures. The ISA bus has a bus width of 16 bits, and the 
whole address space accessible through the bus is 
16MB, but it is not designed to permit each device con- 
nected to the ISA bus to operate as a master of the bus. 
Therefore, the ISA bus is not so constructed as to per- 

50 mit an addition of various kinds of optional functions for 
machine tools which is required to have a high-speed 
arithmetic operation capability. 

As described in the foregoing, it is difficult to obtain 
functions and construction required for the current CNC 

55 device with the use of the personal computer. Thus, it is 
desirable to achieve a cost reduction of machine tools 
with use of the presently available CNC device. To 
achieve the cost reduction of machine tools, there is 
proposed a method of manufacturing a small-sized 
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machine tool. However, in order to manufacture the 
small-sized machine tool, it is necessary to reduce the 
size of not only a machine operation pane! but also the 
size of a CNC device itself. In particular, if a machine 
operation panel for a machine is made smaller in size 
and thinner in depth, then places which allow the 
machine operation panel to be installed will increase, 
thereby contributing to downsizing of the machine tool 
because of its good operational capability and small 
space occupied: 

Disclosure of the Invention 

An object of the present invention is to provide a 
CNC device which is capable of reducing cost by mak- 
ing the CNC device smaller in size by reducing the size 
of a CNC display/operation unit to be mounted on a 
machine operation panel and also reducing the depth of 
a CNC controller. 

Further, another object of the present invention is to 
provide a CNC device which is capable of readily 
changing the function to be performed. 

To achieve the above objects, according to one 
embodiment of the present invention, there is provided 
a numerical control device comprising: a thin type dis- 
play unit which uses a digital signal for display input; a 
sheet of printed circuit board which is attached to the 
reverse side of said thin type display unit in a state of 
being opposite to said display unit; one or more card- 
like circuits which include a processor and integrated 
circuits for performing numerical control processing; 
and a card-like circuit for generating a control signal to 
be transmitted to said display unit, the card-like circuits 
being connected to the printed circuit board via connec- 
tors. 

Furthermore, according to another embodiment of 
the present invention, a CNC controller including the 
function of a personal computer is formed with single 
printed circuit board comprising a numerical control cir- 
cuit which executes numerical control processing, a 
servo processing circuit which executes servo process- 
ing based on the servo motor movement command for 
individual axis determined through the numerical 
processing circuit and a circuit which executes personal 
computer function. 

According to the present invention, a CNC control- 
ler can be made integral with a display unit and they can 
be made small-sized and thinner. Furthermore, the dis- 
play unit and the CNC controller can be connected with 
a short cable, so that a synchronizing circuit for the dis- 
play is not needed, thereby contributing to the reduction 
of the total cost. 

Brief Description of the Drawings 

Fig . T is a block di^rarW^hematically showing the 
functions of a numerical control unit and a display 
unit according to one embodiment of the present 
invention; 



Rg. 2 is a diagram for explaining a method of con- 
necting a CNC controller with each servo amplifier 
according to the embodiment of the present inven- 
tion; 

5 Rg. 3 is a diagram for explaining another method of 

connecting a CNC controller with each servo ampli- 
fier according to one embodiment of the present 
invention; 

Rg. 4 is a block diagram of a machine tool accord- 
10 ing to one embodiment of the present invention; 

Rg. 5 is a front view of one embodiment of the 
present invention; 

Rg. 6 is a rear view of the embodiment of the 
present invention; 

15 Rg. 7 is a view illustrating a structure designed for 
incorporating optional printed circuit boards accord- 
ing to the embodiment of the present invention; 
Rg. 8 is a side view of a CNC controller showing an 
optional extension slot attached to a printed circuit 

20 board; and 

Rg. 9 is a function block diagram of the numerical 
control unit and the display unit, to which a compu- 
ter circuit board is attached instead of a display 
control card, according to one embodiment of the 

25 present invention. 

Best Mode for Carrying out the Invention 

Referring now to Fig. 1 , a CNC controller and a dis- 

30 play unit of a CNC device according to one embodiment 
of the present invention will be described below. 

In the present invention, a CNC controller of the 
CNC device is composed of one printed circuit board 
10. On the CNC controller-printed circuit board 10, a 

35 CPU card 1 1 , a servo card 1 2 and a display control card 
13, which are modularized by mounting their hardwares 
on a small-sized printed circuit board is mounted 
replacebly. Further, the printed circuit board 1 0 is pro- 
vided with a PMC (Programmable Machine Controller) 

40 circuit 14 which executes sequence control with a 
machine, a spindle interface circuit 15 which makes an 
interface with a spindle amplifier, a memory circuit 16 
comprising a flush memory (electrically rewritable non- 
volatile semiconductor memory) which stores a CNC 

45 software and an SRAM (rewritable nonvolatile semicon- 
ductor memory) which is backed up with a battery for 
storing NC machining programs or various parameters, 
and an extension bus control circuit 17 for controlling an 
extension control bus 31. These CPU card 11, servo 

so card 12, display control card 13, PMC circuit 14, spindle 
interface circuit 15, memory circuit 16 and bus control 
circuit 1 7 are connected to one another by means of a 
bus 19. Furthermore, the printed circuit board is pro- 
vided with a power source 18 for supplying a DC power 

55 __ to the foregoing respe ctive elem ents. _ . • - - 

In the present invention, each element of the CNC 
controller is made smaller by taking advantage of a 
high-integration LSI and high-density surface mounting 
components, thereby constituting the CNC controller 
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with one printed circuit board 10. The CNC controller- 
printed circuit board 10 is designed to have the surface 
area substantially equal to the right side of a liquid crys- 
tal display unit. This CNC controller-printed circuit board 
10 is mounted on the reverse side of a liquid crystal dis- 5 
play unit, so that a cable connecting the CNC controller 
and the liquid crystal display unit can be shortened to 
about 20 to 30 crn f thereby using a synchronizing circuit 
for a liquid crystal is not required and realizing a small- 
sized and thin type CNC controller including a display 10 
unit. 

A circuit for executing numerical control processing 
is mounted on the CPU card 11. The CPU card 11 
includes a processor 11a for executing a function of 
interpreting an operation command given from machin- 15 
ing programs or the like and calculating a movement 
command to a servo motor of individual axis, a function 
of interpreting the operation command and transmit- 
ting/receiving of an ON/OFF signal with the machine, 
and a function of making a communication with a 20 
machine operator through a keyboard and a liquid crys- 
tal display unit. The CPU card 1 1 further includes a 
DRAM 11b for storing CNC control programs and other 
peripheral circuits 11c. The peripheral circuits 11c 
include an MDI interface connected to a keyboard 24 of 25 
a machine operation panel 20 by means of a cable 34, 
an interface for executing an input of NC programs from 
external storage medium such as floppy disk and an 
interface for a manual pulse generator, etc. The CPU 
card 11 is replaceably installed on the CNC controller- 30 
printed circuit board 10 by means of a connector (not 
shown) in Fig. 1 . Thus, the CPU card 1 1 is replaceable 
with a CPU card having a higher function in order to pro- 
vide a higher function to the CNC device, or to form a 
version-up CPU of the same functional level. 35 

The servo card 12 includes a digital signal proces- 
sor (DSP) 12a, a serial transfer control circuit 12b for 
controlling a serial servo bus 30 which will be described 
later, and an SRAM 12c, etc. The digital signal proces- 
sor 12a executes position and speed feedback controls 40 
and current control for a servo motor of individual axis 
on the basis of a movement command of individual axis 
given from the CPU card 11 and on the basis of the 
feedback signals of position, feed rate and current fed 
back through a cable 30 from a position/speed detector 45 
(hereinafter referred to as pulse coder) built in each 
servo motor, and generates a command to each servo 
amplifier. Also, the servo card 1 2 is replaceably installed . 
on the CNC controller-printed circuit board 10, so that 
the change in the number of servo motors can be coped so 
with by replacing the servo card 12 with another appro- 
priate servo card. 

A liquid crystal control circuit 13a, composed of a 
processor and a memory, is mounted on the display 
control card 13. Further, the display control card 13 is 55 
connected to a liquid crystal display unit 21 of the 
machine operation panel 20 by means of a cable 
through a connector disposed in the printed circuit 
board 10. The liquid crystal display unit 21 displays 
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machining programs, machining profiles, tool shapes, 
tool paths, etc. Further, the liquid crystal display unit 21 
is used for preparation and edition of machining pro- 
grams. An interface between the display control card 13 
and the liquid crystal display unit 21 is of TTL level capa- 
ble of operating with various signals such as dot clock, 
horizontal and vertical synchronizing signals, red, green 
and blue color signals, backlight on-off signal, and 
includes a power supply line. Either a TFT (Thin Film 
Transistor) liquid crystal display unit or an STN (Super 
Twisted Nematic) liquid crystal display unit can be used 
for the liquid crystal display unit 21 . Also, both the color 
and monochromatic display are both possible in the 
above liquid crystal display units. Moreover, the display 
control card 13 is replaceably connected to the CNC 
control printed circuit board 10. As will be described 
later, a commercially available computer board may be 
mounted on the printed circuit board in place of the dis- 
play control card 1 3 so that a personal computer can be 
incorporated therein. In this case, the liquid crystal dis- 
play unit 21 may be omitted. 

The PMC 14 includes a flush memory used for stor- 
ing sequence programs, and is connected with a cable 
32 for transmitting and receiving signals between vari- 
ous sensors and actuators of machine. The extension 
bus control circuit 17 is connected with an optional 
extension bus 31. The optional extension bus 31 is an 
exclusive multitask bus connectable with various 
options such as that for high-speed arithmetic opera- 
tion. The extension bus 31 has a bus width of 32 bits, 
and the whole address space capable of being 
accessed through the bus is 256 MB. Further, the exten- 
sion bus 31 is a multi task bus capable of permitting the 
processor of each device connected to the extension 
bus to function as a master, whereby high-speed per- 
formance and extension ability can be improved. 

As described above, in the present invention, the 
CNC controller (CNC controller-printed circuit board 10) 
is mounted on the reverse side of the liquid crystal dis- 
play unit, so that the CNC controller is disposed on the 
machine operation panel on which a display/operational 
unit is arranged. As a result, a cable 30 for connecting 
the servo amplifier of individual axis disposed on the 
heavy- electrical panel of the machine with servo control 
portion (servo card 12) of the CNC controller becomes 
too long. Conventionally, a CNC controller and a servo 
amplifier for individual axis are connected by means of 
an exclusive cable, so that cables are required as many 
as the number of servo motors (the number of axes). 
When a cable is provided for each servo amplifier as 
mentioned above, since there is a large interval 
between the CNC controller and the servo amplifier, 
thick cables will occupy a space, and a large-sized 
heavy-electrical panel of the machine will be needed, 
with the result that the overall dimension of the control 
unit become larger and accordingly the cost becomes 
higher. 

In order to avoid such a disadvantage, the present 
invention has employed a serial servo bus 30 for making 
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a connection between the CNC controller and each 
servo amplifier by means of one optical fiber cable with 
a daisy chain formation, as shown in Fig. 2. More spe- 
cifically, a serial transfer control circuit 12b for control- 
ling the serial servo bus 30 is provided in the servo card 5 
12 of the CNC controller, and likewise, serial transfer 
control circuits (41a, 42a ...) are provided in servo 
amplifiers (41a, 42a ...), respectively.. Further, the opti- 
cal fiber cable connects the serial transfer control circuit 
12b with the serial transfer control circuit 41a of the 70 
servo amplifier 41, the serial transfer control circuit 41a 
with the serial transfer control circuit 42a of the next 
servo amplifier 42 and so on. The servo amplifiers (41, 
42 ...) include inverter circuits (41b, 42b ...) which are 
connected to the serial transfer control circuits (41a, 75 
42a ...) and control a current to be supplied to servo 
motors, A/D converters (41c, 42c ...) which detect the 
currents of servo motors and converting them into dig- 
ital data, and circuits which receive signals from the 
position/speed detectors (pulse coder)(41d, 42d ...) of 20 
the servo motor respectively. Then, data can be trans- 
ferred at a high transfer speed of about 50 Mbps. which 
assures substantially equal performance available with 
the conventional construction in which the CNC control- 
ler and each servo amplifier are connected to each 25 
other by a cable. 

The serial servo bus 30 is capable of transferring all 
signals required for controlling eight servo motors 
between the CNC controller and each of servo amplifi- 
ers (41, 42 ...), within the shortest operational cycle so 
125n by a digital signal processor (DSP) mounted on 
the servo card 12 which executes servo processing. 
The serial transfer control circuit 12b of the CNC con- 
troller converts address information, data, control sig- 
nals and the like into a serial signal for transmission. 35 
The serial transfer control circuits (41a, 42a ...) of servo 
amplifiers (41. 42 ...) individually read data assigned to 
each servo amplifier, and also transfers necessary data 
to the serial servo bus 30. Thus, the same control as 
that of an ordinary parallel bus is possible although the 40 
serial servo bus 30 is a serial line in view of hardware. 

To give an example of data transfer from respective 
servo amplifiers (41 , 42 ...) to the CNC controller, 16-bit 
servo motor current data and 64-brt output data from 
pulse coders (41 d, 42d ...) to be transferred are first 45 
divided into 44-bit transmission data, added thereto 16- 
bit error correcting code, and then transferred. Then, 
these output data are passed through the serial transfer 
control circuit 12b (41a, 42a ...) so that data of which 
errors are corrected are obtained. Accordingly, data so 
transfer at a high speed and with high reliability is real- 
ized. 

Also, an optical fiber cable connecting the CNC 
controller and respective servo amplifiers may be in a 
loop form, as shown in Fig. 3^ _____ 55 

Figr 4 is a-blbck^iagram of a machine tool including 
a CNC device having a CNC controller and a display 
unit according to the present invention. As described in 
Fig. 1, the CNC controller is composed of the CPU card 



11, servo card 12, display control card 13, PMC 14, 
spindle interface 15, memory means 16, extension bus 
control circuit 1 7 and power supply circuit 18, which are 
mounted on the CNC controller-printed circuit board 10 
and are connected by means of the bus 19. The display 
control card 13 is connected to the liquid crystal display 
unit 21 . On the other hand, a controller 40 on the side of 
machine tool is composed of servo amplifiers (41, 42 
...), a spindle amplifier 45 and a DI/DO printed circuit 
board 46, and further includes a heavy- electrical panel 
(not shown) on the machine tool side. 

The CNC controller and the keyboard 24 of the 
machine operation panel 20 are connected to each 
other by mans of a cable 34; therefore, the keyboard 24 
and the CPU card 11 are connected to each other by 
means of the cable 34. The serial transfer control circuit 
12b of the servo card 12 of the CNC controller and the 
serial transfer control circuit 41a of the servo amplifier 
41 of the machine tool controller 40 are connected by 
means of an optical fiber cable 30, which constitutes the 
foregoing serial servo bus. The respective servo ampli- 
fiers (41, 42 ...) are connected by means of the optical 
fiber cable 30, which constitutes the foregoing serial 
servo bus. By making such a connection as described 
above, the CNC controller and the respective servo 
amplifiers are connected to one another. Also, the spin- 
dle amplifier 45 of the machine tool controller 40 is con- 
nected with the spindle interface 15 of the CNC 
controller by means of a cable 33. The DI/DO printed 
circuit board 46 of the machine tool controller 40 is con- 
nected with the PMC 1 4 of the CNC controller by means 
of a cable 32 so that operation signals of various sen- 
sors and actuators of the machine side can be transmit- 
ted and received. 

As seen from the above description, three cables 
are sufficient to make a connection between the CNC 
controller disposed on the machine operation panel 20 
and the machine tool controller 40 disposed on the 
heavy-electrical panel of the machine. This serves to 
make a space occupied by cables small, thereby reduc- 
ing the size of a numeral control device as well as a 
machine tool itself. Moreover, the reduction in the 
number of cables for connection contributes to the cost 
reduction. 

The processor 1 1 a of the CPU card 1 1 sequentially 
reads NC machining programs stored in the SRAM of 
the memory means 16 and executes various process- 
ings according to the various commands of the NC 
machining programs. For instance, if the read command 
is an ON/OFF command to various actuators of the 
machine, the processor 1 1a sends an ON/OFF signal to 
various actuators of a machine tool 60 through the PMC 
14, the cable 32, and the DI/DO printed circuit board 46 
of the machine controller 40. in the named orde r. If the 
read command is a spindle ^dnve'colrTrmncI, the proces- 
sor 11 outputs the drive command of commanded 
speed to the spindle amplifier 45 through the spindle 
interface 15 and the cable 33 to drive the spindle motor. 
If the read command is a movement command for tools 
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etc., the processor 1 1a of the CPU card 1 1 computes 
distribution of the movement command to individual 
axis, and sends the command to the servo card 1 2. The 
processor 12a of the servo card 12 executes position, 
speed and current feedback controls according to a 
movement command received for individual axis, and to 
position, speed and current feedback signals of the cor- 
responding servo motor, which are sent through the 
serial servo bus 30. And then, the processor 12a out- 
puts the drive command to each of servo amplifiers 41 , 
42 ... through the serial transfer control circuit 12b and 
the serial servo bus 30 to drive each servo motor. The 
operation of the CNC device of the present invention is 
the same as that of conventional one, except that a 
drive command is outputted to a servo amplifier through 
the foregoing serial servo bus. 

Next, a structure of a CNC device of the present 
invention will be described below. 

Fig. 5 is a front view of the CNC device according to 
the present invention. When viewing the CNC device 
from its front, only a liquid crystal display unit 21 is visi- 
ble. The liquid crystal display unit 21 is provided with a 
liquid crystal display screen 22 at the center thereof, 
and a plurality of software keys 23 below the display 
screen 22. The function of the software key 23 changes 
depending upon the liquid crystal display screen. 

Fig. 6 is a rear view of the CNC device according to 
the present invention. The CNC controller-printed circuit 
board 10 is mounted on the reverse side of the liquid 
crystal display 21 by means of screws at a predeter- 
mined intervals therebetween through spacing pipes 
20a disposed on the reverse side of the liquid crystal 
display 21. As described before, the CPU card 1 1, the 
servo card 12 and the display control card 13 are 
replaceably mounted on the CNC controller-printed cir- 
cuit board 10, and a plurality of LSIs 70 are also 
mounted thereon. These LSIs 70 constitute the power 
source 18, PMC 14, spindle interface 15, memory circuit 
16, extension bus control circuit 17, etc. 

The CPU card 1 1 , the servo card 12 and the display 
control card 13 are electrically connected by means of 
connectors 71a. 71b and 71c provided at their respec- 
tive one ends and connectors 72a, 72b and 72c pro- 
vided at the CNC controller-printed circuit board 10, 
respectively. Further, the other ends of these cards are 
individually fixed to the CNC controller-printed circuit 
board 10 by means of screws through spacing pipes 73 
so that these cards can be replaceably mounted on the 
CNC controller-printed circuit board 10. 

Moreover, the CNC controller-printed circuit board 
10 is provided with various connectors 74, 75 and 76. 
The connector 74 is used for the extension bus 31 for 
connecting an optional printed circuit board. The con- 
nector 75 is also connected to the liquid crystal display 
unit 21. Further, the connectors 76 are used for con- 
necting the cable 33 to be connected to the serial servo 
bus 30 and the spindle amplifier 45, the cable 32 to be 
connected to the DI/DO printed circuit board 45 of the 
machine side controller 40. the cable 34 to be con- 



nected to the keyboard 24 and other cables. The display 
control card 13 of the CNC controller and the liquid crys- 
tal display unit 21 are electrically connected to each 
other by means of a cable 81 connected to the connec- 

5 tor 75 and a connector 80 disposed on the liquid crystal 
display unit 21. 

The above is a basic construction required for per- 
forming fundamental functions of the CNC device. Next, 
a construction which permits the incorporation of a 

io printed circuit board for performing optional function will 
be described below. 

Such optional printed circuit boards are used in a 
various instances such as: a loader control board for 
executing workpiece handling for machining; a RISC 

is board for executing acceleration/deceleration control by 
previously reading a plurality of small blocks of NC data 
among continuous small blocks such as mold machin- 
ing data; a communication board for executing data 
transfer with external computers through an Ethernet, 

20 RS-422, RS-232C, etc. ; and a customizer board for exe- 
cuting softwares, which have been developed by 
machine tool makers for individualization of their 
machine tools, independently of the processor of the 
CNC controller. The present embodiment is constructed 

25 so as to be connectable with these optional printed cir- 
cuit boards. 

Fig. 7 is a diagram for explaining a structure 
designed for allowing the addition of the optional printed 
circuit boards to the CNC controller-printed circuit board 

30 10. A reference numeral 90 denotes an optional exten- 
sion slot for adding optional printed circuit boards 93 
and 94. This extension slot 90 has a U-shaped cross 
section, and is provided with a side plate 91 on the side 
opposing to the side where these optional printed circuit 

35 boards 93 and 94 are inserted. The side plate 91 is pro- 
vided with connectors 91a, 91b and 91c at its one side. 
The connectors 91b and 91c can be coupled with con- 
nectors 93a and 94a (not shown) provided on the option 
printed circuit boards 93 and 94, respectively, while the 

40 connector 91a not only is electrically connected with 
these connectors 91b and 91c and but also is coupled 
to the connector 74 which is connected with the exten- 
sion bus 31 installed in the CNC controller-printed cir- 
cuit board 10. 

45 In Fig. 7, the side plate 91 is shown separate from 
the extension slot 90. When assembling, however, the 
side plate 91 is fixed to the extension slot 90, the con- 
nector 91 a is coupled to the connector 74 of the CNC 
controller-printed circuit board 10, and the open bottom 

so side of the extension slot 90 is fixed to the CNC control- 
ler-printed circuit board 10 by means of screws. Also, 
optional printed circuit boards 93 and 94 are individually 
provided with one or more connectors 93b and 94b (not 
shown) for connection with an external machine through 

55 a cable at one side of respective boards 93 and 94 
(lower side in Fig. 7), in addition to connectors 93a and 
94a coupled to connectors 91b and 91c provided on the 
side plate 91 . Correspondingly, one side face (lower end 
in Fig. 7) of the extension slot 90 is formed with open- 
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ings (not shown) for inserting connectors of cable there- 
through to face one or more of the connectors 93b, 94b 
of the optional printed circuit boards 93 and 94 which 
mounted to the extended slot 90. 

Optional printed circuit boards 93 and 94 are 5 
inserted into guide grooves 92 and 92, and then, the 
connectors 93a and 94a of the optional printed circuit 
boards 93 and 94 are coupled to the connectors 91b 
and 91c of the extension slot, whereby these optional 
printed circuit boards 93 and 94 are bus-connected with 10 
the CNC controller-printed circuit board 10 via connec- 
tors 93a, 94a, 91b, 91c, 91a and 74. The connectors of 
cable are coupled to the connectors 93b and 94b of the 
printed circuit boards 93 and 94 through the openings 
formed in the side plate of the extension slot 90. 75 
whereby the optional printed circuit boards 93 and 94 
are electrically connected with the external machine. 

Fig. 8 is a side view of the CNC controller and the 
display unit in which the optional extension slot 90 is 
mounted on the CNC controller-printed circuit board 10. 20 
In this embodiment, the optional extension slot 90 is 
mounted on the CNC controller-printed circuit board 10 
in a manner such as it straddles both the CPU card 1 1 
on the CNC controller-printed circuit board 10 and the 
servo card 12 mounted thereon, and also, optional 25 
printed circuit boards 93 and 94 are arranged in parallel 
with these cards 11 and 12 keeping a space therebe- 
tween. 

In order to increase the number of optional func- 
tions, the number of optional printed circuit boards may 30 
be increased in the above-mentioned manner using an 
optional extension slot which permits further addition of 
optional printed circuit boards. Since an exclusive multi- 
task bus is used as an extension bus in this embodi- 
ment, it is possible to add desired number of optional 35 
functions for the CNC device. 

In the present embodiment, as seen from the con- 
struction described above and Figs. 5. 6, 7 and 8. the 
CNC device is substantially within the display screen 
area of the liquid crystal display unit when viewed from 40 
the display screen thereof. Thus, there can be made 
available a CNC device which is considerably thin in 
depth and smalt in size. 

In the present embodiment, moreover, since the 
CPU card 11 and the servo card 12 are replaceably 45 
mounted on the CNC controller-printed circuit board 10, 
the CPU 11 can be replaced with a CPU card which 
serves to enhance the function of the CNC device, or 
with a CPU card version-upped functions of the same 
level. Also, if the number of servo motors is varied, the so 
servo card 12 is replaced with another servo card so as 
to cope with a change in the number of axes of the 
machine such as machine tool, etc. 

In addition, since the display control card 13 is also 

replaceably-mounted on the CNC controller-printed cir- ~ 55 
cuit board 10, it is possible to incorporate a personal 
computer, as an option of the CNC device, by mounting 
a very small scale and card-sized computer board on 
the market on the printed circuit board 10. 



Fig. 9 is a functional block diagram of a case where 
a computer board 1 00 is mounted in place of the display 
control card 13. In this case, a processor, a DRAM, a 
hard disk control circuit, a graphic control circuit, etc., 
are mounted on the computer board, so that the compu- 
ter board 100 is connectable with not only with a hard 
disk but also with other equipments through an exten- 
sion bus ISA for personal computer. 

The above embodiment has employed a liquid crys- 
tal display unit as a display. In this embodiment, how- 
ever, a small-sized and thin type plasma display or a 
thin type EL (electronic luminescence) display may be 
used in place of the liquid crystal display unit. In this 
case, the display control card 13 functions as a display 
control card for controlling these plasma display and EL 
display, and this card may be mounted on the CNC con- 
troller-printed circuit board 10. 

As described above, in the present invention, the 
CNC controller is constructed in a manner such that a 
printed circuit board is attached to the back of a thin 
type display unit, and a CPU card, a servo card and a 
display control card are mounted on the circuit board. 
Thus, there can be provided a CNC device whose size 
including the depth is reduced to an extent that its size 
is no longer a matter of any serious consideration. Fur- 
ther, the display unit and the CNC controller are con- 
nected to each other by means of a shorter cable, so 
that there is no need of providing synchronizing circuits 
for display, etc. Therefore, this contributes to the cost 
reduction. Furthermore, downsizing of the numerical 
control device also leads to the downsizing of the 
machine tool using the CNC device, thereby contribut- 
ing to further cost reduction. In addition, the CNC con- 
troller and the display unit are downsized and thinned 
integrally with each other, so that the machine operation 
panel on which the CNC controller and the display unit 
are mounted can be arranged on the optimum location 
with little restriction. 

Change of a function of the CNC device and 
change of version of the CNC device can readily be car- 
ried out by replacing the CPU card. Further, even when 
the number of servo motors changes, it is possible to 
readily cope with the change by replacing the servo 
card. 

Also, since the servo card and servo motors are 
connected to each other by means of a serial servo bus 
of daisy chain formation, the number of interface con- 
nectors on the CNC device side may be only one 
regardless of the number of servo motors. Thus, the 
servo card can be downsized and the number of cables 
can be reduced; therefore, a machine can be down- 
sized, thereby contributing to the cost reduction of the 
machine. 

_ Since a multitask bus is used as an extension bus— 
various optional functions required for a CNC device 
can easily be added. By adding optional functions on 
demand in the same manner as the conventional CNC 
device, general-purpose applicability becomes availa- 
ble so that the CNC device can be made applicable to 
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various machine tools ranging from single-function type 
to multi-function type and from standard-performance 
type to high-performance type. Thus, by supplying the 
CNC controller, which is a central system of the CNC 
device, on mass-production basis, the cost of CNC 
device can be reduced. 

The CNC controller-printed circuit board, CPU 
card, servo card, display control card, option printed cir- 
cuit boards, various functions, etc., are modularized and 
made replaceable, so that when any one of these com- 
ponents has become wrong, such wrong printed circuit 
boards or cards only need to be replaced, thereby mak- 
ing easier the measures against the trouble. 

Claims 

1 . A numerical control device comprising: 

a thin type display unit in which display input is 
digital signal. 

a sheet of printed circuit board which is 
designed to be connected to the reverse side of 
said thin type display unit so that it is opposite 
to said display unit: 

one or more card-like circuits which include a 
processor and integrated circuits for executing 
numerical control processing which are 
replaceably connected to said printed circuit 
board through a connector; and 
a card-like circuit for generating a control signal 
to be transmitted to said display unit. 

2. A numerical control device including a liquid crystal 
display unit, 

in which a sheet of printed circuit board is 
mounted to the reverse side of the liquid crystal dis- 
play unit to be parallel to a plane including the 
reverse side of the liquid crystal display unit, 

and, installed in said printed circuit board 

are: 

a numerical control circuit which executes 
numeral control processing; 
a servo processing circuit which executes 
servo processing according to a movement 
commands to a servo motor of individual axis 
obtained through said numerical processing 
circuit; and 

a circuit which generates a signal for display 
controlling; 

wherein said printed circuit board constitutes 
a CNC controller, and said substrate and said liquid 
crystal display unit are electrically connected each 
other by means of only a cable. 

3. The numerical control device according to claim 2, 

wherein said numerical processing circuit 
includes a circuit which computes a movement 
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command to individual axis according to machining 
programs, executes transmission/reception of an 
ON/OFF signal with a machine, and controls a com- 
munication with an operator through a keyboard 
5 and said liquid crystal display unit. 

4. The numerical control device according to claim 2, 

wherein said printed circuit board constitut- 
ing a CNC controller has a surface area smaller 
10 than that of said liquid crystal display unit. 

5. The numerical control device according to claim 2, 

wherein a plasma display or an electron 
luminescence display is used in place of said liquid 
is crystal display unit 

6. The numerical control device according to claim 2, 

wherein at least one of said numerical 
processing circuit, servo processing circuit and cir- 
20 cuit for generating a signal for display control, which 
are mounted on said printed circuit board constitut- 
ing a CNC controller, is mounted on a printed circuit 
board smaller than said printed circuit board to be 
modularized, 

25 and said modularized circuit is made 

replaceable. 

7. The numerical control device according to claim 2, 
wherein 

30 said circuit which generates a signal for dis- 

play controlling is mounted on a printed circuit 
board smaller than said printed circuit board to be 
modularized and made replaceable, so that this 
modularized circuit can be replaced with a board 

35 which provides a function of a personal computer 
so as to realize a function of a personal computer. 

8. A numerical control device, in which a CNC control- 
ler consists of a sheet of printed circuit board which 

40 mounts a numerical processing circuit which exe- 
cutes numerical control processing, a servo 
processing circuit which executes servo processing 
according to a movement command to a servo 
motor of individual axis computed by said numerical 

45 processing circuit, and a circuit which executes a 
personal computer function, so that a personal 
computer function can be realized by using said 
printed circuit board. 

so 9. The numerical control device according to claim 2 
or 8, 

wherein said printed circuit board constitut- 
ing a CNC controller is provided with a multitask 
bus for extending CNC options, an extension slot 
55 for an optional printed circuit board equipped with 
optional function circuits is provided at an upper 
portion of said printed circuit board, said extension 
slot and said multi task bus are connected each 
other, and said optional printed circuit board acid 
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the bus are connected each other. 

10. The numerical control device according to claim 2 
or 8, wherein said printed circuit board constituting 
said CNC controller is connected with a plurality of s 
servo amplifiers by means of a serial servo bus 
consisting of an optical ftoer cable in a daisy-chain 
form. 

11. The numerical control device according to claim 2 w 
or 8, wherein a circuit which, executes sequence 
control of a machine to be controlled is mounted on 
said printed circuit board constituting a CNC con- 
troller. 

75 

12. The numerical control device according to claim 2 
or 8. 

wherein a circuit which outputs a rotation 
command to a spindle motor of machine tool to a 
spindle amplifier according to a machining program 20 
is mounted on said printed circuit board constituting 
a CNC controller. 

13. The numerical control device according to claim 2 

or 8, wherein a power supply circuit is mounted on 25 
said printed circuit board constituting a CNC con- 
troller. 

14. The numerical control device according to claim 2 

or 8, wherein a memory circuit for storing machin- 30 
ing programs is mounted on said printed circuit 
board constituting a CNC controller. 

15. The numerical control device according to claim 2 

or 8, 35 

wherein a circuit for executing data transfer 
with external equipments is mounted on said 
printed circuit board constituting a CNC controller. 
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